Organic-inorganic hybrid materials, which contain amino groups, are of great importance for a variety of applications such as supports for catalysts, adsorption of metal ions, or as key precursors for post derivatization.
A non-aqueous procedure to synthesize amino group bearing nanostructured organic-inorganic hybrid materials † Organic-inorganic hybrid materials, which contain amino groups, are of great importance for a variety of applications such as supports for catalysts, adsorption of metal ions, or as key precursors for post derivatization. 1,2 It is an important task to obtain nanostructured materials with accessible amino groups due to their great potential for post-functionalization reactions with electrophilic reagents. [3] [4] [5] Amino functionalized silica materials have been successfully used for CO 2 , 6 water 7, 8 or dye absorption 7 and catalysis of Knoevenagel condensation reactions 9, 10 and the synthesis of nitrostyrenes.
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Furthermore, primary and secondary amino groups can be modified in many ways to introduce carboxyl groups from cyclic anhydrides or imine groups from aldehydes. These materials can be synthesized by different strategies which use amino-functionalized reagents.
1,2,8,12,13 Suitable reagents are 3-aminopropylalkoxysilanes or amino group bearing water soluble polymers such as polyvinylamine. 13 The synthetic procedure employing these reagents is based on water as a co-reagent or a solvent. Therefore, co-reagents which contain hydrolytically sensitive groups such as imines or isocyanates cannot by applied when water based procedures are used. To avoid these peculiarities, a synthetic method is needed which does not require water as a solvent or a reagent.
Twin-polymerization can be carried out either in organic solvents or even in the melt without the use of any solvent. 14, 15 This advantage overcomes all problems resulting from water chemistry. Furthermore, amino groups undergo acid-base reactions with water, and ammonium ions are formed which can have a negative effect on post-reactions of amino groups.
In this communication a specific application of twinpolymerization is presented which uses a non-aqueous procedure involving various amino group bearing twin monomers to produce nanostructured organic-inorganic hybrid materials related to amino group containing sol-gel materials.
During the last six years the so called twin polymerization has been developed to fabricate organic-inorganic hybrid materials by solely one procedure. [14] [15] [16] [17] [18] The principle of twin-polymerization is based on specific twin monomers (TMs), which contain two covalently bonded polymerizable monomeric fragments, i.e. A and B for each polymer. The formation of the two polymers from the twin monomers during polymerization is mechanistically coupled. 17 Thus, polymer -(A) n -can only be formed when polymer -(B) n -is also formed. This is a crucial difference in the polymerization behavior from that of hetero-bifunctional monomers whose two different polymer strands are mechanistically independent of each other during the polymerization procedure. 4, 5, 13 Simultaneous twin polymerization (STP) of two different twin monomers in one process can yield up to four different polymers (see also Fig. S1 ESI †).
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A benefit of this type of STP is that the formation of polymer -(A) n -mediates the covalent connection of fragments B and C during polymerization within the organic-inorganic hybrid material.
The synthetic procedure for the amino group containing TM (2-5) starts from salicylic alcohol and 3-amino-n-propyldimethoxymethylsilanes. The transesterification reaction was catalyzed by tetra-n-butylammonium fluoride (TBAF) (see Pure 1 undergoes twin polymerization by either an acid-or a base-catalyzed reaction in melt or in solution. 19, 20 However, it is also possible to polymerize 1 without the use of any catalyst at 230 1C.
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Advantageously, the amino functionalized monomers (2-5) used for the STP can serve as both a component and a basic catalyst. This is an elegant way of synthesis, because impurities resulting from the use of additional catalysts can be avoided. Thus, monomer 1 was simultaneously polymerized with 2, 3, 4 or 5 at a much lower temperature (120 1C) using a stoichiometric ratio of 1 : 1.
According to the conceptual idea of STP, an organic-inorganic hybrid material is composed of phenolic resin, silica and oligo(3-amino-n-propyl)methylsiloxane (OAMS) (Fig. 1) .
It is apparent from silicon chemistry that silica and OAMS moieties can undergo Si-O-Si bond formation to form a class II hybrid structure among the phenolic resin/SiO 2 /OAMS hybrid compound. [21] [22] [23] This feature can be readily evidenced by solid state Si. This result indicates that the silica network is highly condensed. The same applies to the OAMS part, as no signals from the monomer are detectable. Instead, a rather broad signal at À17.6 ppm is found, which can be assigned as D(Q). 24 Parts of OAMS are covalently bonded to silica and form a copolymer, related to Co-STP as shown in Fig. 1 Si-CP-MAS-NMR spectroscopy is not altered by the increased temperature (P2 Fig. S2 vs. P2_3 Fig. S3 ESI †) .
The solid state NMR spectra again evidence the formation of the phenolic resin, silica and OAMS (Fig. S3 ESI †) . The different monomer ratios are reflected in the NMR spectra and the signal intensities of phenolic resin/OAMS change accordingly. The 13 C-NMR spectra show no differences in the chemical shifts.
An increasing content of monomer 2 also leads to more intense D-signals as shown in the 29 Si-NMR spectra (Fig. 3) . A low ratio of monomer 2 results in D(Q) species. The corresponding signal arises at À17 ppm. Because of the formation of the silica-OAMS copolymer, the extractable content of sample P2_1 (0.5 wt%) is low. Longer chains (or rings) of OAMS are formed upon increasing content of monomer 2. The signal is shifted to a higher field (À21 ppm) related to D 2 structures. 24 Also a larger quantity of OAMS could be extracted (P2_4: 31.2 wt%) because less covalent bonds were formed between the silica network and OAMS. Due to the absence of monomer 1 the material P2_5 only shows D-without any Q signals. The intensities of the Q signals of P2_1 to P2_4 are affected by the monomer ratio used. A reduction of monomer 2 leads to increased Q 3 signals because the concentration of the basic catalyst (2) is decreased. High angle annular dark field (HAADF) scanning transmission electronmicroscopy (STEM) images of selected hybrid materials show domain sizes of 2-4 nm (Fig. 4a) . This is much lower than comparable phenolic resin/silica composites synthesized by a solgel process. 25, 26 The materials are transparent and no macroscopic agglomeration could be observed in all cases ( Fig. 4b and ESI †). Thermogravimetric analysis (TGA) of the organic-inorganic hybrid materials shows a slight weight loss of 2.11 wt% (P2_1) to 8.66 wt% (P2_5) between 30 and 200 1C. Further decomposition of the hybrid material is comparable to that of aminopropylmodified hybrid materials known from the literature. 12 In order to check the accessibility of the amino groups in the hybrid materials after STP, the reaction with different aldehydes was studied ( ), which confirms the accessibility of the amino groups and the formation of Schiff bases (Fig. 6 ).
In addition, the UV/Vis absorption maximum of the Schiff bases shifts bathochromically from 302 nm (SB1) to 312 nm (SB2) and 315 nm (SB3). This is caused by an increase in the strength of the push-pull p-electron system with the increasing accepting capacity of the corresponding substituent (CN -NO 2 ).
We can conclude that monolithic nanostructured (phenolic resin/aminosilane/SiO 2 ) organic-inorganic hybrid materials obtained from 1 (2,2 0 -spirobi[4H-1,3,2-benzodioxazoiline]) and various N-substituted 2-(3-amino-n-propyl)-2-methyl-4H-1,3,2-benzodioxazoiline derivatives (2-5) can be produced in the melt by self-induced simultaneous twin polymerization at 180 1C. The molecular structures of the organic-inorganic hybrid materials have been evidenced by solid state 13 
C-and 29
Si-NMR spectroscopy. Intactness of the primary amino groups has been proved by reactions with aldehydes to achieve azomethine moieties (SB1-3), which can be detected readily by UV/Vis spectroscopy.
Application of this specific type of twin monomer combination in heat-induced coating, particle fabrication or other purposes will be demonstrated soon.
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